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Basic Page Replacement

1. Find a free frame:
- If there Is a free frame, use It
- If there Is no free frame, use a page replacement
algorithm to select a victim frame

2. Bring the desired page into the (newly) free frame;
update the page and frame tables

3. Find the location of the desired page on disk

4. Restart the process

,
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Page Replacement

frame valid—invalid bit

o i—

swap out
change victim
o |i to invalid C page
flv /
@ f| victim 9
reset page \
table for
page table ELEGE @ swap \

desired
page in

p//

physical
memory

CGS 3763: OS Concepts (Memory Management) Page 3 © Mark Llewellyn “




Page Replacement Algorithms

 Want lowest page-fault rate possible.

e Evaluate algorithm by running it on a particular
string of memory references (reference string) and
computing the number of page faults on that string

 In many of the examples that follow, the reference
string Is:

1,2,3,4,1,2,5,1,2,3,4,5

r
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Graph of Page Faults Versus The Number

of Frames
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First-In-First-Out (FIFO) Algorithm

 Referencestring:1,2,3,4,1,2,5,1,2,3,4,5
o 3 frames (3 pages can be in memory at a time per process)

reference string

A
e N
1 2 3 4 1 2 5 1 2 3 4 5
Jl|1j1]1)2]3|4]1]|1[1]2]|5]|5
= 2(2|3|4|1|2|2|2|5|3]|3
- 3lal1|2|5]|5]5]3]4a]4
B E E B B B 9 page faults

T L]
Indicates

page
fault has
occurred
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First-In-First-Out

 Referencestring:1,2,3,4,1,2,5,1,2,3,4,5
« 4 frames (4 pages can be in memory at a time per process)

reference string

e N

- N

1 2 3 4 1 2 5 1 2 3 4 5

1)1 1|1]1|1|2|3|4|5|1]|2

0 2 2|2|2|2|2|3|4|5|1|2]3

83 3/3|3[3|4|5|1|2]|3]4

4 4|4|4|5]1|2|3|4]5
H NN N HE B B B W 10page faults

— Belady’s Anomaly: more frames = more page faults
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First-In-First-Out — Another Example

e Reference string: 7,0,1,2,0,3,0,4,2,3,0,3,2,1,2,0,1,7,0,1
« 3 frames (3 pages can be in memory at a time per process)

reference string

/\
~ N
7012030423032 1201701
) 71710l0(1|2|3]|0|4|2]|2|2|3|0|0|0|2|2]|7
= o|o|1]|1(2]|3|0|4|2|3|3|3|0|1|1|1|2]|7|0
T3 1l2]2]3|0]4|2|3|ololo|1|2]|2|2|7|0]1
B B A N EEENNEN B H B B B 15 page faults

* Does this reference string exhibit Belady’s Anomaly?
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First-In-First-Out — Another Example

e Reference string: 7,0,1,2,0,3,0,4,2,3,0,3,2,1,2,0,1,7,0,1
« 4 frames (4 pages can be in memory at a time per process)

reference string

/\
- N
7 0120304230321 2017201
CIJ177777001112223444000
%2 0/0/0|0|1|1|2|2|2|3|3|3|4|0|0|0|1|1|1
T3 111{1{2(2{3[3|3|4{4(4|0{1|1|1|2|2]|2
4 212(3[3|4|14(4(0(0{0|1(2(2|2|7|7|3 10 page faults
H N N B [ [ [ H E [

* Answer: No, at least not with 3 and 4 pages.
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FIFO lllustrating Belady’s Anomaly
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Optimal Algorithm

* Replace page that will not be used for longest period of time

* 4 frames example

reference string

A

~ —

1 2 3 4 1 2 5 1 2 3 4 b5

1 (1|11 (1|11 |1|1(1|1]|4]|4

GEJ 2 2 |22 |2 |22 |2|2]|2]|2]|2

83 313|13|13|3|3|3|3|3]3

4 4 1414|5555 ]|5]|5
BN E N L] [ ] 6 page faults

How do you know this?
e Used for measuring how well your algorithm performs
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Optimal Algorithm — Another Example

* Reference string: 7,0,1,2,0,3,0,4,2,3,0,3,2,1,2,0,1,7,0,1
o 3 frames (3 pages can be in memory at a time per process)

reference string

/\
Yy N
70120304230321201701
X 71712121212 121212121212l2]2|2]2|1]1]|1
= ololo|o|lo|olalalalolo|olo|olololo]|o]oO
T3 112(1]3(|3]3|3]3|3]3|3]|2|1]2|2]7|7]|7
EEEE E N [ [ [l 10 page faults

—
oo
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Least Recently Used (LRU) Algorithm

 Referencestring:1,2,3,4,1,2,5,1,2,3,4,5
o 3 frames (3 pages can be in memory at a time per process)

reference string

A
Y N
1 2 3 4 1 2 5 1 2 3 4 5
. 1 112134 |1]2|5|1|2]3
= 212131412 |5|1|2]|3]|4
- 3lal1|2|5|1]|2]3]4]s
EEEENENEN B B [ 10 page faults
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LRU Algorithm

 Referencestring:1,2,3,4,1,2,5,1,2,3,4,5
« 4 frames (4 pages can be in memory at a time per process)

reference string

A

— —

1 2 3 4 1 2 5 1 2 3 4 5

1] 1 1112344 |4 |5]|1]| 2

GEJ 2 21212134 (1|2 |5(1)|2] 3

83 313|412 |5]|1|2]| 3] 4

4 4 1 1(2|5|11(2|3|4]|5
B EE B ] I B B 8page faults
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LRU — Another Example

e Reference string: 7,0,1,2,0,3,0,4,2,3,0,3,2,1,2,0,1,7,0,1
« 3 frames (3 pages can be in memory at a time per process)

reference string

/\
Yyl N
7 0120304230321 201701
) 7171012 2|3|0|4|2|2|0|3|3|1|2|0|1|7
= olol1]2]|0|3|0|4|2]|3|0]|3|2|1]2]|0]|2|7]|0
T3 112lol3|ola|2|3|0]3|2]1|2]0|1]7|0]12
B B A N H H E A E H H ] 12 page faults

* Does this reference string exhibit Belady’s Anomaly?
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LRU — Another Example

e Reference string: 7,0,1,2,0,3,0,4,2,3,0,3,2,1,2,0,1,7,0,1
« 4 frames (4 pages can be in memory at a time per process)

reference string

/\
/ —
70120304230321201701
_1|7|7|7|7]7|1]|1|2]3|0]|4[4]4|0|0|3]3|2|2|2
E 2| |ololo|1l2]2|3]0]4a|l2]|2|0|3|3]1]|2|0|1|7
T3 1/1|2|o|3]ol4al2|3|0|3|2]1]2]0|l1|7|0
4 210(3/0(4|1213(0(3|2|1(2(0|1|7|0|1 8 page faults
B EEE BE B O O

* Answer: No, at least not with 3 and 4 pages.
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